Experimental section

Materials
All chemicals were used as received without any further purification. For the catalytic tests: levulinic acid (98%) and 1,4-dioxane (99+%; containing 0.05% of H 2 O), both from Alfa Aesar.
Anisole (99%) (used as an internal standard) and alpha-angelica lactone (98%) were purchased from Acros Organics. Sulfuric acid (>95%) was purchased from Fisher chemical. For the preparation of the monometallic catalyst, the Ru precursor and support were: ruthenium(III) nitrosyl nitrate (RuNO(NO 3 ) 3 /Ru 31.3%) from Alfa Aesar and ZrO 2 (monoclinic) Daiichi Kikenso RC-100 from Degussa. For the preparation of the bimetallic RuRe/C and RuMo/C catalysts, the following chemicals were used: Ru 5% /C was obtained from Aldrich and used as received, a perrhenic acid (HReO 4 ) aqueous solution (75-80%) from Alfa Aesar and ammonium molybdate tetrahydrate (99%) [(NH 4 ) 6 Mo 7 O 24 .4H 2 O] from Sigma-Aldrich. Acetone (>99%) used for washing the catalyst was purchased from Interchema.
Catalyst preparation
The 1 wt.% Ru catalyst supported on monoclinic ZrO 2 was prepared using a wet impregnation procedure as previously reported.
1 First, the support was crushed and then dried for 2 h at 393 K, after which the support was dispersed in distilled water with stirring (450 rpm) for 30 min. 10 mL of the precursor solution was added to the suspended support dropwise after which the mixture was allowed to stir for 1 h. After elimination of the water under vacuum at 333 K, the catalyst was dried at 333 K overnight, calcined at 773 K for 3.5 h with a heating ramp of 5 K min -1 under a N 2 flow of 100 mL min . The bimetallic catalysts (Ru 5% Re 10% /C and Ru 5% Mo 10% /C) were prepared according to a literature procedure: 2 2 g of commercial Ru 5% /C were dried at 393 K for 2 h, after which the solid was dispersed in 50 mL of distilled water for 30 min at 400 rpm. After that, a solution of 20 mL containing the precursor of the second metal (either HReO 4 or (NH 4 ) 6 Mo 7 O 24 ·4H 2 O) was added and the mixture stirred for 3 h at 400 rpm. After elimination of the water under vacuum at 333 K, the catalyst was dried at 393 K overnight, calcined at 773 K for 3 h with a heating ramp of 5 K min -1 under a N 2 flow of 100 mL min . The solid was finally passivated with a O 2 :N 2 mixture of 1:99 for 60 min.
Catalyst testing, regeneration, and product analysis
LA hydrogenation experiments were carried out in a 50 mL Parr batch autoclave at a temperature of 423 K, a H 2 pressure of 50 bar, and a stirring speed of 1250 rpm. It was previously shown that in this setup, LA conversion is essentially independent of the stirrer speed if above 900 rpm. 3 In a typical reaction, the batch autoclave reactor was loaded with the catalyst, substrate and solvent. Then, the autoclave was purged three times with argon after which the reaction mixture was heated to reaction temperature and charged with H 2 . This was taken as the starting point of the reaction; during the reaction samples were taken regularly, filtered and 1 wt.% of anisole was added as internal standard. At the end of the reaction, the autoclave was cooled rapidly to room temperature in an ice bath, after which the remaining H 2 was released. The catalyst was separated by filtration (filters of 0.45 µm), washed with acetone or hot distilled water (323 K), and dried overnight at 333 K in air. The reaction products were analyzed using a Shimadzu GC-2010A gas chromatograph equipped with a CPWAX 57-CB column (25 m × 0.2 mm × 0.2 µm) and FID detector, using authentic samples for calibration.
GC-MS measurements were performed on a Shimadzu GC-2010 using a VF5-ms column, coupled to a Shimadzu GCMS-QP2010 mass spectrometer. The majority of the tests were 
